INTRODUCTION
A bright cometary 6300 A emission was first reported in 1958 by Swings and Greenstein /1/ in their analysis of Comet Mrkos. Due to the brightness of the emission, Bierman and Treffetz /2/ concluded that the emission could not be due entirely to fluorescence, and that a large population of metastable O'D was being created by photodissociation of a parent molecule. Since that assertion there have been many attempts to determine the population of parent species based on available red line data (both 6300 A and 6364 A) and photochemical models. Excellent reviews appear in /3,4,5/.
Measurement of the 6300. 3 A intensity with sufficient accuracy to determine parent production rates based on photochemical models depends critically on treatment of spectral contamination. Terrestrial emissions C80 be isolated by the cometary Doppler shift with modest spectral resolution, but separation of cometary NH2 4 km free from spectral contamination /11.12/. 'Ihe Wisconsin spatial imaging study of 6300. 3 A intensity concludes that the dominant source of 01 I) ennss;~n~ithin about I x~1cm of the nucleus is due to O'D from H 20 photodissociation. This result validates determination of the water production rate, Q(H20), from the 0 1D production rate, Q(O'D), for fields of view < 1 x i0~km centered on the comet nucleus. The calculation must also account for metastable decay beyond the field of view, and collisional quenching near the nucleus. rhis paper models the high spectral resolution 6300.3 .\ h. profilrs to determine the relative contributions 
OH+hv-.H+O'D
C0+hv-'C+0
/3,13,14/.
COMETARY LINE PROFILES
Here we discuss the line profile to be expected in 0(1 D) 6300.3 A coma emissions, in particular in ground.based observing situations when the field of view (FOV) is centered on the nucleus and the radius of the field of view (RfQV) is large compared to nuclear dimensions. We neglect variation of parent photodissociation rates within the coma and, except for the imposition of a dust zone centered on the nucleus, we ignore attenuation of 6300.3 A photons.
In keeping with this assumed observing scheme, a velocity space described in terms of cylindrical coordinates (v,,vi, e) is joined to each coma location r specified by spherical coordinates (r,8,~.)centered on the nucleus. Here, vj is the component of the constituent velocity along the line of sight (LOS) in a reference frame moving with the nucleus, v1 is the component transverse to LOS, r is the distance from the nucleus, 9 is the angle between r and the observer-nucleus axis,~is the azimuth about this axis, and~is the azimuth about the LOS through r (ãnd share reference planes). These coordinates are illustrated in Figure 1 . as viewed in a frame of reference moving with the local flow of parent molecules. in this comoving frame, the monoenergetic, isotropic kinetic distribution in LOS cylindrical velocity coordinates is /17/
where v0 is the ejection speed of the metastable atom. Transforming to the comet nucleus rest frame, v, is replaced by v, -~where iĩs the radial outflow speed of the parent gas from the nucleus and~m = cos 9. Substituting into (1), the spectral profile becomes
here ,i,j is equal to (v0 + v4/ô or 1.0, whichever is smaller (if p.c' < -1.0, the entire integral is set to zero). Similarly,~L is the larger of -(v, -v,)/i, or -1.0, the entire integral being zero if~> 1.0.
The density of the observed species m(r) is easily prescribed in the steady state once the parent density distributions are known, since the metastable decay occurs in the vicinity of the parent's photodestruction:
where the summation extends over parent species, r9~is the lifetime of the parent, and I?, is the branching ratio for O( 1D) production. For a single parent coming directly from the nucleus, the Haser "parent" distribution/18/ can be used to obtain
J where Q, is the rate of sublimation of the parent molecule from the nucleus.
The most interesting aspect of these profiles is the dependence on coma outflow speed ii. Table 1 and i~= 0.9 km sec t. The Gaussian profile (dotted curve) is generated with the H 2O ejection speed given in Table 1 , while the dashed curve is exp~v~/(v~(H2O) + i~2 )J. 1 
.15cm b)
Same as panel a) but with i. = 1.2 km sec~. In both panels, RFOV = l05km.
There is also a dependence on observing geometry, illustrated in Figure 3a . In the limit of large RFOF' (entire molecular coma observed), the profiles are trapezoidal in shape: if Rpm' should be smaller than the scale length of the primary patent, the profile is artificially weighted in the wings (tunnel vision effect). Contributions to the observed line from several parents can easily be modeled by superposing individual single parent lines. Contributions from CO and CO 2 would have been barely perceptible in Figure 2 , not merely because of smaller sublimation rates but also because of the longer times for photo-generation of O( 1D). After 1120, the most significant O('D) parent is OH. The distribution of OH in a cometary coma is not particularly well described by a Haser model (especially the kinetic distribution) and really requires the use of a full vectorial approach. However, to illustrate the effect of OH contributions to the line profile in a crude manner, Figure 3b shows the profile that results when OH is modeled as a Haser H 20 "daughter" species /18/, using the parameter values of Table 1 . The profile modifications brought about by including OH are probably not observable with current instrumental limitations, since it is not as virile a parent as 1120 (most OH dissociations lead to production of O( 3P)) and the resulting ejection speed is not greatly different from the 1120 value. The OH contribution is best studied using imaging techniques /12/. In any event, observations with RFO1~< lO5km will be dominated by the H 20 source.
It is of course necessary to take proper account of the emission profile when estimating total intensities or extracting ejection speeds, either of which requires deconvolving an instrument function from the observed profile. Fig. 4 . Light from the comet is transmitted from the telescope to the FPI plates using a fiber optic light guide cable. Light exiting the cable is collimated using lens Li with a focal length (f) of 63cm. The collimated light then relects from the 45°mirror, M, to the etalon plates. The FPI interference pattern is then focused by the objective lens L2 (f=122cm) to the pinhole aperture A. The light is then collimated by lens L3 (1=30cm) prior to passing through the interference filter l.F. The light 1.15cm is then focused onto the photomultiplier tube by lens L4 (f=2.Scm.)
The interferometer scans in wavelength by varying the pressure (and therefore refractive index) of SF6 gas between the etalon plates. The free spectral range of the FF1 is 1.80 A (85.85 km s~)at 6300.3 A. The FF1 is operated at a finesse of about 10 for these observations, so the spectral resolution is about 8.6 kms~. The spectral band pass of the system is defined by the band pass of the interference filter. The interference filter used in this experiment is a three cavity filter, giving a nearly square bandpass 3.2 A broad at the half transmission point.
Due to the possibility of cometary NH 2 and terrestrial OH contamination in the 6300.3 A spectral region, it is important to understand the actual band pass of the system in this region. The throughput of the system is maximized while observing the 6300 A terrestrial emission, so that the nominal band pass in the earth reference frame is 6300.3 ±1.6 A. However, small variations of the filter temperature can shift the bandpass, approximately i A per 4°C. Although the filters are somewhat insulated from the ambient room atmosphere, we conservatively ascribe the room temperature variations to filter temperature variations. These variations were monitored, and found to be about ±2°C. We estimate that spectral features in the range 6300.3 ±2.1 A might be passed by the system. Features in this region appearing more than 0.9 A (one half of a free spectral range) from the 6300.3 A rest position will overlap into first free spectral range. For example, a feature at 6298.62 A will appear in the first free spectral range at 6298.62 A + 1 .8A = 6300.42 A. A feature at 6297.9 A (terrestrial OH emission) will not be passed by the system. Absolute sensitivity calibration is achieved by cross calibration with a tilting filter photometer that is cal. ibrated wjt}~a 14C source. The FPI and photometer measure common volumes of the terrestrial 6300A emission for cross calibration. Of course, the width of the cometary emission feature is narrower than the terrestrial feature a factor of about 1.7, and the calibration roust he adjusted accordingly.
OBSERVATIONS
Optical observations of Comet Halley at the Arecibo Observatory began in January, 1986, before perihelion. Instrumental and weather related difficulties limited useful data to the post-perihelion period in March and April, 1986. The field of view of the instrument was 5'.9, equivalent to approximately 2 x l0~km at the distance of the comet in March, and about 1.1 x 10°km in April. The apparition at Arecibo was characterized by low elevations during this period, never exceeding 30°during the available dark hours. The equatorial drive system of the telescope required periodic electronic correction, and we estimate the tracking accuracy to be about 2 arcsec mint. A typical scan of one free spectral range required about 12 minutes. The observation procedure has been detailed further in /21,22/, and these papers display data from the March, 1986 period. emission overlaps into the same region as the higher in the second order of the instrument band pass. No NH2 emissions due to transitions in lower rotational levels can account for this feature. Attributing this NH2 feature to population of the third or fourth rotational level is contrary to the results of /7,12/. However, the observations of /12/ were made before perihelion and again in late April 1986. Apparently, a measurement on 5 April 1988 did not reveal these higher rotational level emissions. The measurements of /7/ were also made in late April 1986. Other, less intense features further to the red might also be attributed to transitions in rotational levels above 3, but cannot be attributed to levels < 3. Due to the weakness of these features and tracking difficulties, we eschew further comment on these weak features. For these fields of view, on the order of l-2x~km, quenching is entirely negligible /3/. Metastable creation beyond this field of view depends upon the lifetime of parent species against dissociation, which increases as the square of heliocentric distance /12/, and upon the size of the field of view at the comet distance. For these reasons, QOID must be adjusted upward by a factor of' about 1.65 in April, while a negligible amount of metastable decay occurs beyond the field of view for the March geometry.
Although the effects of OH photolysis on the 6300 A line profile are small for these fields of view, OH photolysis must be considered when attempting to derive the water production rate froxn 6300.3 A emission /12/. The water production rates in Table 2 are calculated by multiplying the O'D production rates by seven, in line with the work of /12/ and the theoretical brancing ratios in Table 1 . /12,14,16/. Errors listed in Table 2 are root mean squares of all spectra analyzed for a certain night, and the intensities have been adjusted for extinction by interploating the results of /8/. 
CONCLUSIONS
High spectral resolution observations of the 6300 A line profile are a powerful and simple diagnostic for the study of cometary comae. The line profile must be known to accurately calculate QOID using the 6300.3 A intensity. Also, the theoretical profiles show the outflow velocity of the parent molecules from the nucleus can be determined using the FF1 observations. This technique will prove particularly useful for comets that appear suddenly relative to the time required to schedule major experiments.
This particular experiment can be improved in several ways to prepare for future apparitions. Some of the most important changes include:
The interference filter should be as narrow as possible when using the single etalon Fabry-Perot configuration. The narrow band pass serves to limit the extent of inter-order overlap that can contaminate the first free spectral range. The interference filter should be strictly temperature stabilized to prevent drift from broadening the effective band pass. Telescope tracking and seeing conditions probably require image grade fiber optic cable be used. This would prevent large oscillations of background signals due to irregular illumination at the end of fiber bundles. Observations with fields of view well under iO~km should be interleafed with fields of view well in excess of io~km to investigate carefully the branching ratios and ejection speeds of water and OH photolysis, as well as outflow velocity of the parent species.
